Powder of BaCe0.54Zr0.36Y0.1O2.95 (BCZY) ceramics compound was synthesized by a modied sol-gel method using triethylenetetraamine, TETA as a chelating agent. The samples were dried and calcined at 325
Introduction
Ceramics compound of Ba(Ce,Zr)O 3 have potential applications as a solid electrolyte in electrochemical devices such as solid oxide fuel cells (SOFC) [1, 2] . Conventional methods used to prepare this ceramics led to high calcination and sintering temperatures [3] . Extensive studies on soft chemistry methods that have the ability to reduce calcination temperature had gain much more interest from researchers world-wide. These chemistry methods have been developed to synthesize submicron-sized to nano-sized oxide powder with excellent properties [4, 5] . The use of relatively low calcination temperature also inhibits the loss of some easily evaporated elements such as Ba. According to Snijkers et al. [3] , high ring temperature will create barium decience in Ba x Hf 0.9 Y 0.1 O 3−α due to the loss of BaO. Therefore, the main focus of the present work is to synthesize and characterize the BCZY powder as-prepared by one of the soft chemistry method which is a sol-gel technique assisted by TETA and ethylene glycol as chelating agent and polymerization agent, respectively. was dissolved in de-ionised water and continuously stirred on a hot-plate to make a transparent nitrate solution. TETA was added into the solution followed by ethylene glycol under continuous stirring. A concentrated ammonia solution was added until pH 11. The resulting solution was slowly evaporated on a hot plate at 120
• C. The heating and stirring process was controlled accordingly. During the process, the browning gas (known as NO x ) was released and a dark brown porous gel obtained. The gel was dried at 325
• C in a furnace and yielded yellow ne akes. The sample was calcined at 1100
• C with heating rate of 10
• C min −1 for 10 h to yield light-yellow powder.
Characterization
The particle size measurement was carried out using laser scattering particle size distribution analyzer model Malvern Nano S-ZEN 1600. Morphology of the particle was observed using a scanning electron microscope (SEM) model Carl Zeiss SMT Supra 40VP. The XRF measurement was carried out to determine the chemical composition of the obtained BCZY powders, using PANanalyticalsMiniPal 4 benchtop X-ray uorescence spectrometer. An Oxford Inca X-Act Electron Dispersive Spectrometer (EDS) attached to the SEM was used to analyze the elemental composition of the calcined powder.
(931) N. Osman et al. 3 . Results and discussion 3.1 Morphology of BCZY powder Figure 1 shows particle morphology of the BCZY powder as-calcined at T = 1100
• C for 10 h. The particles have spherical shape with the size in the range of 300 350 nm. Fig. 1 . Secondary electron image of BCZY powder ascalcined at 1100
• C for 10 h.
At high pH value of the solution (pH∼ 11) and at the presence of chelating agent, the sample tends to form spherical particles [6] . These conditions could control the crystal growth in all directions, and therefore led to the formation of rounded particles.
Particle size distribution
Only one group of particle size distribution in the range of 342396 nm was observed for as-calcined BCZY powder, which was in the same range with that observed by SEM. The formation of ne particles suggested that the resulting powder consisting of a high inter-dispersion of metal ions and high reactivity of the amorphous precursor [7] . TETA provides a stable metal complexation in the solution, retarding the ions mobility and preserves the atomic scale homogeneity at pH 11 [8] . Subsequently, the use of TETA has retarded the agglomeration of the powder, due to the uniqueness of TETA catalytic eect and high pH value. The role of high pH value is also in-line with the work by Li et al. [9] . They obtained ne NiO-YSZ powders at pH value of 913. The addition of the organic ligand, for example the ethylene glycol, also resulted to the reduction of particle size and of the dispersion of the particles. Table I shows the XRF data for elemental analysis of the respective samples, starting wih the dilution stage of metal nitrate salts solution and ending with the stage when sample undergoes heat treatment at 1100
• C. The percentage composition of each element after being calcined at 1100
• C was almost similar to nominal stoichiometric composition of BaCe 0.54 Zr 0.36 Y 0.1 O 2.95 . From these results, it was proven that the composition of Ba, Ce, Zr and Y was not deviated from the actual one. The elemental composition analysis of BaCe 0.54 Zr 0.36 Y 0.1 O 2.95 at three dierent areas with the size of 2.5 µm×2.5 µm was also analyzed using EDX analysis and the result is shown in Table II . The obtained ratio of the elements Ba/Ce/Zr/Y was almost similar to the stoichiometric amount of BCZY; B= 1.00, Ce= 0.54, Zr= 0.36, Y= 0.10. However, the ratio of Zr element is high as compared to its nominal stoichiometric ratio. This observation might be due to the fact that BaCe 0.54 Zr 0.36 Y 0.1 O 2.95 tends to form Zr-rich phases or Zr-clusters as reported by Osman et al. [10] . TETA coordinates with the metal ions and leads to the homogeneous distribution of ions in gel and the enhancement of the crystallization process results in high purity of BCZY powder. A cerate-zirconate powder was successfully synthesized using a sol-gel method. The use of TETA and ethylene glycol led to the reduction of calcination temperature that promotes the formation of homogeneous and spherical particles as well as the high purity of samples. This material has been extensively studied as the electrolyte for the proton conducting fuel cells (PCFC) and the results will be reported elsewhere.
